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&XUUHQWGLVWULEXWHGV\VWHPVSUHVHQWPDQ\FKDOOHQJHVIRUVWXGHQWVZKRPD\QRW
EHYHU\VNLOOHGDWSURJUDPPLQJSDUDOOHODSSOLFDWLRQVIRUXVHRQVXFKV\VWHPV
*ULG FRPSXWLQJ LV D FRVW HIIHFWLYH PHDQV RI SURYLGLQJ VXSHUFRPSXWLQJ
FRPSXWDWLRQIRUERWKVFLHQWLVWVDQGVWXGHQWVRIFRPSXWLQJ(DV\'LVWULEXWHG
*ULG$UFKLWHFWXUHIRU5HVHDUFK('*$5LVDJULGFRPSXWLQJVROXWLRQWKDW
PHHWVWZRFULWLFDOFRQVWUDLQWVQDPHO\HDVHRIDSSOLFDWLRQSURJUDPPLQJIRU
XVHUVDQGSODWIRUP LQGHSHQGHQFH LQ LPSOHPHQWDWLRQ 6DWLVI\LQJ WKHVH WZR
FRQVWUDLQWV PDNHV ('*$5 RQH RI WKH RQO\ WLPH DQG FRVW HIIHFWLYH JULG
FRPSXWLQJ VROXWLRQV  ('*$5 FUHDWHV DQ HDV\ RI XVH KLJK SHUIRUPDQFH
VROXWLRQ IRU VFLHQWLVWV DQG VWXGHQWV LQ VROYLQJ FRPSXWDWLRQDOO\ LQWHQVH
SUREOHPV  ('*$5 SURYLGHV HDV\ DFFHVV WR VXSHUFRPSXWLQJ 7KH ZRUN
SUHVHQWHGLQWKLVSDSHUUHSUHVHQWVDZRUNLQJLPSOHPHQWDWLRQRIDFRQFHSWXDO
JULGDUFKLWHFWXUHSUHVHQWHGLQFRQFHSWLQ>@
.(<:25'6
JULGFRPSXWLQJSDUDOOHOSURJUDPPLQJVXSHUFRPSXWLQJVFLHQWLILFSUREOHPVROYLQJ
%$55,(5672683(5&20387,1*
'LVWULEXWHGFRPSXWLQJKDVEHHQDILHOGRIVWXG\IRUPDQ\\HDUVDQGKDVOHGWRWKH
LPSOHPHQWDWLRQ RI PDQ\ GLIIHUHQW W\SHV RI GLVWULEXWHG V\VWHPV DUFKLWHFWXUHV DQG
IUDPHZRUNV7KHVHV\VWHPVWHQGWRIDOOLQWRWKUHHPDLQDUHDVPDVVLYHO\SDUDOOHOVXSHU
FRPSXWHUVFOXVWHUVRIFRPSXWLQJV\VWHPVRUGLVWULEXWHGJULGV7KHIRXQGDWLRQDODVSHFW
RIDOORIWKHVHV\VWHPVFRQWLQXHVWREHWKHDELOLW\WRGLVWULEXWHWKHSURFHVVLQJRIGDWD
DFURVVPXOWLSOH&38V (DFK W\SHRI V\VWHPKDV VLJQLILFDQWEDUULHUV WKDWFRQWLQXH WR
SUHYHQWPDLQVWUHDPVFLHQWLVWVDQGHGXFDWLRQDOLQVWLWXWLRQVIURPDFFHVVLQJDQGXWLOL]LQJ
WKHFRPSXWLQJUHVRXUFHVRIIHUHGE\WKHVHW\SHVRISDUDOOHOGLVWULEXWHGVXSHUFRPSXWHUV
>@
7KHVLQJOHVXSHUFRPSXWHUZLWKKXQGUHGVWRWKRXVDQGVRIFRPSXWLQJFRUHVLVQRW
RQO\FRVWSURKLELWLYHIRUWKHYDVWPDMRULW\RIWKHVFLHQWLILFFRPPXQLW\LWLVDOVRH[WUHPHO\
GLIILFXOWWRSURJUDPIRULQGLYLGXDOVZLWKRXWSDUDOOHOSURJUDPPLQJH[SHULHQFH:KLOH
VLPLODUEDUULHUVDUHDOVRLQSODFHIRUDFOXVWHURIFRPSXWLQJV\VWHPV LPSOHPHQWLQJD
PXFKVPDOOHUQXPEHURIV\VWHPVZLWKLQWKHFOXVWHULHFRPSXWHUVFDQVLJQLILFDQWO\
UHGXFHWKHFRVW7KHUHGXFWLRQRIFRPSXWHUVDOVRUHGXFHVWKHFRPSXWLQJSRZHURIWKH
FOXVWHUDQGLWVHIIHFWLYHQHVVLQSUREOHPVROYLQJODUJHVFDOHSUREOHPV7KHGLIILFXOW\RI
SURJUDPPLQJ D FRPSXWLQJ FOXVWHU KRZHYHU LV QRW UHGXFHG ZLWK WKH UHGXFWLRQ RI
FRPSXWLQJV\VWHPVZLWKLQWKHFOXVWHU&RPSXWLQJFOXVWHUVW\SLFDOO\XVHVLPLODUSDUDOOHO
SURJUDPPLQJHQYLURQPHQWVWRWKDWRIDPXOWLFRUHVXSHUFRPSXWHU$GLVWULEXWHGJULGLV
D XQLTXHO\ GLIIHUHQW W\SH RI V\VWHP LQ ZKLFK HDFK FRPSXWHU QRGH LV D YROXQWHHU
FRPSXWHUWKDWPD\RUPD\QRWEHRZQHGE\WKHFRPSXWLQJLQVWLWXWLRQWKXVVLJQLILFDQWO\
UHGXFLQJWKHKDUGZDUHFRVW7KHGHYHORSPHQWRIDQDSSOLFDWLRQIRUDGLVWULEXWHGJULG
LQFUHDVHVLQFRPSOH[LW\ZLWKWKHUHTXLUHGXVHRIDWKLUGSDUW\JULGDUFKLWHFWXUHVXFKDV
%2,1&>@7KLUGSDUW\JULGDUFKLWHFWXUHVDOVRUHTXLUHWKHXVHRI&&ZKLFKDJDLQ
LVQRWW\SLFDOO\LQWKHWRROVHWIRUDWUDGLWLRQDOVFLHQWLVW
7KHEDUULHUVWRWKHVHGLVWULEXWHGV\VWHPVDOZD\VFRPHGRZQWRHLWKHUVLJQLILFDQW
KDUGZDUHFRVWVDQGRUWKHFRPSOH[LW\RIGHYHORSLQJSUREOHPVROXWLRQVXWLOL]LQJWKHVH
V\VWHPV7KHDXWKRUVKDYHGHYHORSHGDJULGDUFKLWHFWXUHWKDWUHPRYHVWKHVHEDUULHUV
7+(32:(52)*5,'&20387,1*
$GLVWULEXWHGJULGLVDFOLHQWVHUYHUDUFKLWHFWXUHPDGHXSRIYROXQWHHUQRQGHGLFDWHG
FRPSXWLQJV\VWHPVFOLHQWVWKDWGRQDWHWKHLUXQXVHG&38F\FOHVDORQJZLWKDVPDOO
DPRXQWRIGDWDVWRUDJHWRWKHFROOHFWLYHJULG(DFKFRPSXWLQJV\VWHPRQWKHJULGLVWLHG
WRJHWKHUZLWKVRIWZDUHFDOOHGJULG³PLGGOHZDUH´RU³IUDPHZRUN´7KHPLGGOHZDUHLV
UHVSRQVLEOHIRUFRPPXQLFDWLRQVEHWZHHQWKHFOLHQWVDQGWKHJULGVHUYHU7KHJULGVHUYHU
XVHVWKHPLGGOHZDUHWRVHQGWDVNVWRWKHFOLHQWVDQGWRUHFHLYHWKHFRPSXWDWLRQDOUHVXOWV
IURPWKRVHVDPHFOLHQWV7KHJULGVHUYHULVUHVSRQVLEOHIRUWKHGHFRPSRVLWLRQRIWKHPDLQ
WDVNLQWRVPDOOHUVXEWDVNVWKDWDUHGLVWULEXWHGWRLQGLYLGXDOFOLHQWQRGHVIRUSURFHVVLQJ
DORQJZLWKWKHDJJUHJDWLRQRIWKHFOLHQWVUHVXOWVLQWRDILQDOUHVXOW
'LVWULEXWHGJULGFOLHQWVDUHW\SLFDOO\RZQHGE\HLWKHUWKHRUJDQL]DWLRQUHVSRQVLEOH
IRUWKHFRPSXWLQJVXFKDVDXQLYHUVLW\FRPSXWHUODERUDWRU\RULQGLYLGXDOSHRSOHVXFK
DVDVWXGHQWODSWRS(YHU\YROXQWHHUQRGHZLWKLQDGHVNWRSJULGEHFRPHVUHVSRQVLEOHIRU
WKHLURZQUHVRXUFHVKDUGZDUHVRIWZDUHDQGPDLQWHQDQFH7KHFRVWDQGPDLQWHQDQFHRI
WKHJULGEHFRPHVGLVWULEXWHGWRWKHLQGLYLGXDOQRGHV $QRWKHUDWWUDFWLYHIHDWXUHRID
GHVNWRSJULGLVWKHDPRXQWRIXQXVHGSURFHVVLQJWLPHDYDLODEOHLQWKHDYHUDJHGHVNWRS
FRPSXWHU7KHDYHUDJHGHVNWRSFRPSXWHU
V&38UHPDLQVLGOHXSZDUGVRIRIWKH
WLPH  7RJHWKHU WKHVH IHDWXUHV SURYLGH FRVW HIIHFWLYH FRPSXWLQJ SRZHU WKDW ZKHQ
KDUQHVVHGWRJHWKHUEHFRPHVDPDVVLYHO\SDUDOOHOVXSHUFRPSXWHU>@
2YHUWKHSDVWILIWHHQ\HDUVRQHSDUWLFXODUGHVNWRSJULGKDVEHFRPHTXLWHYLVLEOHDQG
KDGGHPRQVWUDWHGWKHHIIHFWLYHQHVVRIKDUYHVWLQJ&38F\FOHVRYHU WKH,QWHUQHW 7KH
6(7,#KRPH6HDUFKIRU([WUDWHUUHVWULDO,QWHOOLJHQFHSURMHFWEDVHGRXWRI8QLYHUVLW\RI
&DOLIRUQLD %HUNHOH\ DQG KDV RYHU  PLOOLRQ YROXQWHHU FOLHQWV ZRUOGZLGH DQG LV
VHOIFUHGLWHGZLWK DQ DYHUDJH RI 7)/236 7HUD )/RDWLQJ SRLQW2SHUDWLRQV 3HU
6HFRQGDVRI1RYHPEHU >@ %HVLGHV6(7,#KRPH WKHUHDUHPDQ\YROXQWHHU
GHVNWRSJULGDSSOLFDWLRQVZRUOGZLGHWKDWLQGLYLGXDOVFDQMRLQDQGGRQDWHSURFHVVLQJWLPH
DQGSRZHU$QRWKHUSRSXODUGLVWULEXWHGFRPSXWLQJSURMHFWLV)ROGLQJ#KRPH>@7KLV
SURMHFWLVDGLVHDVHUHVHDUFKSURMHFWWKDWVLPXODWHVSURWHLQIROGLQJFRPSXWDWLRQDOGUXJ
GHVLJQDQGRWKHUW\SHVRIPROHFXODUUHVHDUFK7KHPRVWUHFHQWGLVWULEXWHGFRPSXWLQJ
SURMHFWWKDWKDVPDGHWKHQHZVLVWKDWRI%LW&RLQPLQLQJ>@)RUSURMHFWVVXFKDVWKHVH
WKDWDUHVXEVWDQWLDOO\FRPSOH[DQGFRPSXWDWLRQDOO\LQWHQVLYHSUREOHPVWKHGHVNWRSJULG
SURYLGHVDPHFKDQLVPIRUFDSWXULQJWKHGLVWULEXWHGSURFHVVLQJSRZHUQHHGHGWREHJLQ
VROYLQJVXFKSUREOHPV
('*$5*5,'$5&+,7(&785(
0RWLYDWLRQIRU('*$5
7KHGHYHORSPHQWRI('*$5ZDVGULYHQE\ WKHGHVLUHRI WKHFRPSXWHUVFLHQFH
GHSDUWPHQWWRVXSSRUWRWKHUVFLHQWLILFUHVHDUFKRQFDPSXVZLWKVXEVWDQWLDOFRPSXWLQJ
SRZHU IRU FRPSXWDWLRQDOO\ LQWHQVLYH SUREOHPV IRU ZKLFK QR 
YLDEOH
 UHVRXUFHV ZHUH
DYDLODEOH  7KH FRPSXWHU VFLHQFH GHSDUWPHQW FXUUHQWO\ PDLQWDLQV D PXOWLQRGH
%HRZXOIW\SHFOXVWHUWKDWFDQEHXVHGIRUFRPSXWDWLRQDOO\LQWHQVLYHSUREOHPV+RZHYHU
WKHFOXVWHUWHQGVWRVLWLGOHGXHWRWKHFRPSOH[LW\RIGHYHORSLQJSDUDOOHODSSOLFDWLRQVXVLQJ
&&DQG03,0HVVDJH3DVVLQJ,QWHUIDFH7KLVUHVRXUFHLVQRWDFFHVVLEOHIRUWKH
VFLHQWLILFUHVHDUFKFRPPXQLW\WKDWFRXOGDFWXDOO\XVHWKHFRPSXWDWLRQDOSRZHUGXHWRWKH
FRPSOH[LW\RISURJUDPPLQJUHTXLUHG
7KHGHSDUWPHQWKDVDOVRKDGH[SHULHQFHLQGHYHORSLQJDJULGDSSOLFDWLRQXVLQJRQH
RIWKHVWDQGDUGDUFKLWHFWXUHVIURP8QLYHUVLW\RI&DOLIRUQLDDW%HUNHOH\FDOOHG%2,1&
%HUNHOH\2SHQ,QIUDVWUXFWXUHIRU1HWZRUN&RPSXWLQJ7KH%2,1&JULGLVH[WUHPHO\
FRPSOH[DQGUHTXLUHVVSHFLDOL]HGFOLHQWVWREHGHYHORSHGIRUHDFKFOLHQWSODWIRUP7KH
PDMRUGRZQVLGHWRGHYHORSLQJD%2,1&JULGLVWKHDPRXQWRIWLPHQHHGHGWRFRQILJXUH
DQGEULQJXSWKHJULGDORQJZLWKDVLQJOHDSSOLFDWLRQ(YHQWKH%2,1&GRFXPHQWDWLRQ
DW8QLYHUVLW\RI&DOLIRUQLD DW%HUNHOH\ VWDWHV WKDWZKHQSUHSDULQJ WRGHYHORS D JULG
DSSOLFDWLRQ³%XGJHWDWOHDVWDIHZSHUVRQPRQWKVIRUJHWWLQJDZRUNLQJV\VWHPUXQQLQJ´
>@:HZHUHDEOHWRFRPSOHWHRXU%2,1&JULGSURMHFWLQMXVWXQGHUSHUVRQPRQWKV
KRZHYHUWKHVDPHLVVXHUHPDLQHGDVZHVDZZLWKWKH%HRZXOIFOXVWHUVFLHQWLVWVGRQ
W
NQRZKRZWRSDUDOOHOSURJUDPLQ&&$JDLQWKHFRPSXWLQJSRZHUZDVDYDLODEOHEXW
IRUDOOSUDFWLFDOSXUSRVHVLWZDVXQXVDEOHE\WKHLQWHQGHGVFLHQWLILFUHVHDUFKHUVRQWKH
IDFXOW\
2XW RI IUXVWUDWLRQ FDPH WKH LGHD«ZK\ QRW GHVLJQ DQG GHYHORS RXU RZQ JULG
DUFKLWHFWXUH"(YHQLIRXUJULGDUFKLWHFWXUHZDVQRWDEOHWRUHDFKWKH7)/23EHQFKPDUN
RIRWKHUDUFKLWHFWXUHVDQ\JULGDUFKLWHFWXUHWKDWFRXOGEHEURXJKWXSLQPLQXWHVZRXOG
KDYH D ³IHZ SHUVRQPRQWKV´ KHDG VWDUW RQ WUDGLWLRQDO JULG DUFKLWHFWXUHV :KLOH WKH
UXQWLPHPLJKWEHVORZHUWKHRYHUDOOWLPHFRQFHSWLRQWRFRPSOHWLRQZRXOGEHIDVWHUIRU
WUDGLWLRQDOVFLHQWLILFSUREOHPV$VZHEHJDQGLVFXVVLRQVRIGHYHORSLQJDJULGDUFKLWHFWXUH
WKDWFRXOGEHXVHGE\ERWKVWXGHQWVDQGIDFXOW\LWZDVGULYHQE\WZRSULPDU\GHVLJQ
FRQVWUDLQWVWKDWEHFDPHIRXQGDWLRQDODQGGLVWLQFWLYHWRWKLVQHZJULGDUFKLWHFWXUHEDVHG
XSRQRXUSDVWH[SHULHQFHVFRGLQJVLPSOLFLW\DQGSODWIRUPLQGHSHQGHQFH
$VRSSRVHGWRRWKHUGLVWULEXWHGJULGVROXWLRQVVXFKDV%2,1&RU03,WKHJULG
DUFKLWHFWXUH ('*$5 WDFNOHV GLVWULEXWHG FRPSXWLQJ E\ GLYRUFLQJ WKH DOJRULWKP
LPSOHPHQWDWLRQIURPWKHSDUDOOHOL]DWLRQLPSOHPHQWDWLRQ:KLOHVRPHVSHHGPD\EHORVW
GXHRIWKLVOHYHORIDEVWUDFWLRQ('*$5VHUYHVVPDOOHUWRPLGVL]HGSURMHFWVWKDWGRQ
W
UHTXLUHDODUJHLPSOHPHQWDWLRQOLNH%2,1&RU03,EXWFRXOGVWLOOGLUHFWO\EHQHILWIURP
DSDUDOOHOL]HGVROXWLRQ
,PSOHPHQWDWLRQRI('*$5
('*$5DWLWVFRUHLVDFOLHQWVHUYHUV\VWHPXVLQJDWUDGLWLRQDOVWDUWRSRORJ\7KH
VHUYHULVUHVSRQVLEOHIRUEUHDNLQJZRUNLQWRLQGHSHQGHQWFKXQNVIRUWKHFOLHQWVWRZRUN
RQ7RVDWLVI\WKHWZRSULPDU\GHVLJQFRQVWUDLQWVRIHDVHRIDSSOLFDWLRQSURJUDPPLQJDQG
SODWIRUPLQGHSHQGHQWFOLHQWVWKHGHFLVLRQZDVPDGHWRVHSDUDWHWKHSUREOHPDOJRULWKP
IURP WKH DFWXDO SDUDOOHOL]DWLRQ  7KLV VHSDUDWLRQ UHTXLUHG WKH GHYHORSPHQW RI DQ
DSSOLFDWLRQOD\HUQHWZRUNSURWRFROWKDWZRXOGPDQDJHFOLHQWVGLVWULEXWHWKHSUREOHP
VFULSWDQGZRUNDQGPDQDJHWKHDVVLJQHGZRUN'XHWRWKHUHOLDQFHRIWKHJULGSURWRFRO
RQRWKHUQHWZRUNSURWRFROVDVZHOODVDGHVLUHWRDOORZ('*$5WRUXQRQKHWHURJHQHRXV
V\VWHPV-DYDZDVFKRVHQDVWKHODQJXDJHWRGHYHORSWKH('*$5JULGSURWRFRO-DYDQRW
RQO\SURYLGHVH[FHOOHQWQHWZRUNDEVWUDFWLRQEXWDOVRREMHFWVHULDOL]DWLRQZKLFKLVWKHNH\
IHDWXUHZLWKLQ('*$5$VIRUWKHHDVHRIDSSOLFDWLRQGHYHORSPHQWLWZDVLPSRUWDQWWR
DFFRPPRGDWHDYDULHW\RISURJUDPPLQJVNLOOVJLYHQWKHUHVHDUFKFRPPXQLWLHVWDUJHWHG
IRUXVHRI('*$5LQFOXGLQJ&6VWXGHQWV7KHFRPPRQSURJUDPPLQJVNLOOVRIRXU
UHVHDUFKFRPPXQLW\ZHUHEDVLFFRQWUROVWUXFWXUHVXVHGZLWKLQDSURFHGXUDOSURJUDPPLQJ
SDUDGLJP*LYHQWKLVFRPPRQVNLOOVHW WKHGHFLVLRQZDVPDGHWRXVH3\WKRQDVWKH
VFULSWLQJODQJXDJHIRU('*$5DSSOLFDWLRQV7KLVSURYLGHGWKHV\QWD[VLPSOLFLW\QHHGHG
DORQJZLWKDSURFHGXUDOSDUDGLJPFRPIRUWDEOHIRUGHYHORSHUV>@
:LWKWKHJULGDUFKLWHFWXUHZULWWHQLQ-DYDDQGJULGDSSOLFDWLRQVZULWWHQLQ3\WKRQ
WKLVFUHDWHGDFRPPXQLFDWLRQSUREOHPEHWZHHQWKHWZRODQJXDJHV7KHVROXWLRQZDVWR
XWLOL]H-\WKRQ>@ZLWKLQWKHJULG-\WKRQSURYLGHVD3\WKRQLQWHUSUHWHUWKDWUXQVZLWKLQ
WKH-DYD9LUWXDO0DFKLQHDQGHOLPLQDWHVWKHQHHGIRUDFOLHQWLQVWDOOHG3\WKRQLQWHUSUHWHU
('*$5XVHV-\WKRQDVD-DYDREMHFWZKLFKDOORZV('*$5WRHYDOXDWH3\WKRQFRGHDQG
LQWHUIDFHQDWLYHO\EHWZHHQ3\WKRQDQG-DYDGDWDW\SHV-\WKRQDOORZV('*$5WRELQG
-DYDYDULDEOHVGLUHFWO\WR3\WKRQYDULDEOHVRIWKHVDPHQDPH7KLVG\QDPLFELQGLQJLV
YHU\LPSRUWDQWIRUWKHODQJXDJHFRPPXQLFDWLRQVXVHGZLWKLQ('*$57KHXOWLPDWH
VXFFHVVRI('*$5LVDFWXDOO\DFRPELQDWLRQRIWKH3\WKRQDQG-DYDG\QDPLFELQGLQJV
FRXSOHGZLWKREMHFWVHULDOL]DWLRQ>@
('*$5
V2EMHFW6HULDOL]DWLRQ
2EMHFWVHULDOL]DWLRQDOORZVIRUWKHVWDWHRIDQREMHFWWREHFRQYHUWHGLQWRDE\WH
VWUHDPIRUHLWKHUVWRUDJHRUWUDQVPLVVLRQ('*$5XVHVVHULDOL]DWLRQWRFRQYHUWVHYHUDO
NH\REMHFWVZLWKLQWKHDUFKLWHFWXUH
VSURWRFROIRUWUDQVPLVVLRQWRDQGIURPWKHFOLHQW
7ZRRIWKRVHREMHFWVDUHIURPWKHFODVVHV&KXQNDQG5HVXOW7KH-DYDREMHFWV&KXQN
FKXQNDQG5HVXOWUHVXOWUHSUHVHQWDFKXQNRIGDWDWREHZRUNHGRQE\DFOLHQWDQGWKH
UHVXOWRIWKDWFRPSXWDWLRQUHVSHFWLYHO\7KHVHREMHFWVZKHQVHULDOL]HGDUHWUDQVPLWWHGWR
WKHFOLHQWDQGDUHWKHQG\QDPLFDOO\ERXQGGLUHFWO\WR3\WKRQYDULDEOHVFKXQNDQGUHVXOW
XVLQJ-\WKRQ7KHE\WHVWUHDPVFDQWKHQEHFRQYHUWHGEDFNLQWRDFRS\RIWKHRULJLQDO
-DYDREMHFWVZLWKWKHRULJLQDOVWDWHDVZHOOZLWKLQ3\WKRQ(DFKFOLHQW3\WKRQVFULSWQRZ
KROGV WKH3\WKRQYDULDEOHVFKXQNDQG UHVXOWZKLFKDUHQRZ3\WKRQREMHFWVDQGFDQ
DFFHVVDOOSXEOLFPHWKRGVDQGYDULDEOHVIURPZLWKLQWKHLUFODVVGHILQLWLRQV7KH3\WKRQ
REMHFWVXSRQFRPSOHWLRQDUHWKHQSDVVHGEDFNWRWKH('*$5VHUYHUXWLOL]LQJWKHUHYHUVH
RIWKLVWHFKQLTXH
('*$5
V$3,
'ULYHQE\WKHGHVLJQFULWHULDRIHDVHRISURJUDPPLQJDVLPSOH3\WKRQVFULSW$3,
/LVWLQJZDVGHYHORSHGDVDFRPPRQIRUPDWIRU('*$5DSSOLFDWLRQV7KH$3,LV
FDSDEOHRIH[SUHVVLQJDZLGHYDULHW\RIDOJRULWKPV7KHEDVLFSUHPLVHRIWKH$3,LVWKDW
PRVWHYHU\DOJRULWKPFDQEHEURNHQLQWRWKUHHVWDJHV,QSXWJHQHUDWLRQFRPSXWDWLRQDQG
UHVXOW DJJUHJDWLRQ 'LIIHUHQW SUREOHPVPD\ FRPELQH WKHVH VWDJHV LQ GLIIHUHQWZD\V
LQFOXGLQJUHSHWLWLRQDQGRUUHFXUVLRQKRZHYHUWKH\FDQVWLOOEHH[SUHVVHGLQWKLVPDQQHU
7KH('*$5VHUYHUSDUVHVWKH3\WKRQVFULSWH[HFXWHVWKHFRGHUHOHYDQWWRWKHVHUYHUDQG
VHQGVFOLHQWVWKHSRUWLRQRIWKHVFULSWUHOHYDQWWRWKHP
#import python mods as needed 
#Preamble - used for config
def generate(): 
   . . . 
   return chunk 
def aggregate(resultList): 
   . . . 
   return finalResult 
def compute(chunk): 
   . . . 
   return result
#Additional definitions: classes, functions, etc.
/LVWLQJ3\WKRQ$3,IRU('*$5SURMHFWV
('*$5IROORZVWKHIROORZLQJFDOOSDWWHUQIRUVFULSWH[HFXWLRQ
([HFXWHWKHSUHDPEOHRQWKHFRQWUROQRGH
7KHFRQWUROQRGHFDOOVJHQHUDWHXQWLODQXOOLQSXWLVUHWXUQHG(DFKFDOOUHWXUQVD
VLQJOHLQSXWYDOXH
(DFKLQSXWLVVHQWWRDFOLHQWZKHUHFRPSXWHLVFDOOHGRQWKHLQSXW
(DFKUHVXOWIURPFRPSXWHLVVHQWEDFNWRWKHFRQWUROQRGHZKHUHWKH\DUHSXWLQ
DOLVW
2QFHDOOUHVXOWVKDYHEHHQFROOHFWHGWKHOLVWLVSDVVHGWRDJJUHJDWH
 ,IDJJUHJDWHUHWXUQVDYDOXH WKHSUREOHPKDVEHHQVROYHG2WKHUZLVHQXOO LV
UHWXUQHGDQGPRUHLQSXWLVJHQHUDWHG*REDFNWR
6800$5<
7KHGHYHORSPHQWRI('*$5KDVSURYLGHGDQDFFHVVLEOHVXSHUFRPSXWLQJVROXWLRQ
IRUVFLHQWLILFUHVHDUFKHUVQHHGLQJWKHDELOLW\WRVROYHFRPSXWDWLRQDOO\LQWHQVLYHSUREOHPV
:KLOHWKHDFWXDO)/236RI('*$5ZLOOW\SLFDOO\EHOHVVWKDQWKDWRID%2,1&SURMHFW
('*$5LVDEHWWHURYHUDOOVROXWLRQWRWKDWRI%2,1&IRUVPDOOHUWRPLGVL]HGSURMHFWV
5HVHDUFK VFLHQWLVWV DORQJZLWK LQWURGXFWRU\ FRPSXWHU VFLHQFH VWXGHQWV &6ZLWK D
UHODWLYHO\VPDOONQRZOHGJHRISURJUDPPLQJFDQGHYHORSDQGUXQ('*$5DSSOLFDWLRQV
YHU\TXLFNO\8QOLNHLWVJULGFRXQWHUSDUWV('*$5
VDSSOLFDWLRQVDUHGHILQHGLQWKH$3,
VFULSWDQGQRWLQWKHVHUYHUFRQILJXUDWLRQLWVHOI7KLVDOORZVIRUDQ('*$5VHUYHUWRUXQ
PDQ\ DSSOLFDWLRQV IURP PDQ\ GRPDLQV ZLWKRXW DQ\ VHUYHU UHFRQILJXUDWLRQ RU
GHYHORSPHQW  0RVW JULG DUFKLWHFWXUHV WRGD\ PXVW EH UHFRQILJXUHG DQG DFWXDOO\
UHGHYHORSHGIRUHDFKDSSOLFDWLRQVLQFHWKHDUFKLWHFWXUHLVWKHDSSOLFDWLRQLQRWKHUJULG
DUFKLWHFWXUHV  7KH WRWDO WLPH WKDW DQ ('*$5 SURMHFW WDNHV IURP FRQFHSW WR
LPSOHPHQWDWLRQDQGUXQLVGLUHFWO\SURSRUWLRQDOWRWKHWLPHLWWDNHVWRZULWHWKH3\WKRQ
VFULSWWRPRGHOWKHFRPSXWDWLRQ('*$5
VVHSDUDWLRQRIDOJRULWKPIURPDUFKLWHFWXUH
DOORZV VXSHUFRPSXWLQJ WR DFFHVVLEOH IRU WUDGLWLRQDO VFLHQWLILF FRPPXQLWLHV ZLWKLQ
HGXFDWLRQDOLQVWLWXWLRQV('*$5LVDFRVWHIIHFWLYHDQGWLPHHIIHFWLYHZD\WRSURYLGH
KLJKSHUIRUPDQFHFRPSXWLQJWRHYHU\RQH
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